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(571 ABSTRACT

A freqﬁéhcyimodulated continuous-wave collision
avoidance radar responsive to both reply signals from
cooperating (tagged) targets and to skin reflections
from proximate non-cooperating (non-tagged) targets.

6 Claims, 2 Drawing Figures
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DUAL MODE AUTOMOBILE COLLISION
AVOIDANCE RADAR

CROSS REFERENCES TO RELATED
APPLICATIONS

Of interest are the following co-pending applications,
all assigned to the assignee of the present invention:
application Ser. No. 576,604, entitled “‘A Homodyne
Communication System” filed May 12, 1975 by G. S.
Kaplan and A. D. Ritzie now U.S. Pat. No. 3,984,835;
application Ser. No. 473,765, entitled “An Electronic
License Plate for Motor Vehicles” filed May 28, 1974
by F. Sterzer; application Ser. No. 593,120, entitled
“Clutter Free Communications Radar” filed on or
about even date herewith by G. 8. Kaplan.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to collision avoidance
radar, and more particularly to a radar for use in auto-
motive radar.

2. Description of the Prior Art

Conventional non-cooperative radar detecting and
ranging systems, wherein a probe signal is transmitted
toward a target and is “‘skin reflected” therefrom back
to the interrogating unit, have typically been impracti-
cal for utilization as automotive collision avoidance
systems because of what is known in the art as “clut-
ter.” “Clutter returns” from extraneous targets such as
fixed objects along a roadway or moving vehicles in
noncritical special relationship to the interrogating
vehicle (“don’t-care”™ targets) are not distinguishable
from reflections from targets in critical relationship to
the interrogating vehicle. The clutter returns thus cause
a “false alarm” problem whereby automatic braking or
passenger restraints such as air bags may be inoppor-
tunely deployed.

Cooperative systems wherein the radar is responsive
only to specifically tagged targets which are capable of
generating a reply signal, that in some way is distin-
guishable or discriminated from the radar interrogation
and from skin reflections, are not subject to clutter.
Such a cooperative detecting and ranging system, is
disclosed in U.S. Pat. No. Re. 28,302 to Staras et al,,
dated Jan. 14, 1975. Such systems, however, do not
respond to untagged targets or to targets having inoper-
ative tags. Hence, the efficacy of such cooperative
systems, as automotive detecting and ranging systems,
is dependent upon acceptance and use of the system by
the driving public at large and upon proper mainte-
nance of the tags.

A vehicular collision avoidance system wherein for-
ward viewing vehicle-mounted radio distance sensors
are responsive to skin reflections from proximate tar-
gets and are adapted to cooperate with similar vehicle-
mounted rearward viewing sensors that provide, in
response to signals from the forward viewing sensor,
actively augmented reflected signals to the forward
viewing sensor, to thus allow detection of cooperating
vehicles at greater distances while still using low power
transmissions, is described in U.S. Pat. No. 3,760,414,
issued Sept. 18, 1973 to A. M. Nicolson. The Nicolson
system, thus, requires two transceivers, one in the for-
ward facing sensor, and one in the rearward facing
sensor. The sensors transmit regular trains of extremely
short duration, relatively low amplitude baseband
pulses. Such a system is disadvantageous in that there is
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no discrimination between active and passive targets
and thus, if the Nicolson system is not restricted to
short range operation, clutter due to returns from non-
critical or “don’t-care” targets is not provided for, thus
causing false alarms and inopportune deployment of
passenger restraints.

The present invention overcomes disadvantages and
problems present in the prior art by providing a detect-
ing and ranging system which responds both to tagged
targets and to skin reflections for proximate untagged
targets, and which is relatively immune to clutter.

SUMMARY OF THE INVENTION

The present invention provides an improved interro-
gating station for a system for detecting the presence
and range of a remote object from the interrogating
station. The interrogating station is arranged to trans-
mit modulated probe signals in a given direction. The
object may be any member of the class comprising
cooperative targets having means for receiving probe
signals and radiating return signals having a character-
istic indicia and non-cooperating targets serving to

 reflect the probe signals as return signals. The interro-

gating station comprises: means for generating the
modulated probe signals including means for generat-
ing a sample signal indicative of the probe signal;
means receptive of the return signals and the probe
sample signal for generating a difference signal having
distinguishable components indicative of return signals
from the cooperative objects and of return signals from
the non-cooperative objects; and means, responsive to
the difference signals, for generating a signal indicative
of the range between the interrogating station and the
cooperative objects, and the range between the interro-
gating station and the non-cooperative objects for all
ranges not exceeding a predetermined value.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a block diagram of a dual mode radar in
accordance with the present invention.

FIG. 2 is a diagram of waveforms related to the em-
bodiments of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, there is shown a frequency-
modulated continuous-wave (FM CW) radar 10, hav-
ing an output terminal 12, which is connected to what
may be termed a target discriminator 14. Target dis-
criminator 14 is, in turn, coupled to a suitable proces-
sor 16 which provides information and control signals
to suitable utilization means 18.

FM CW radar 10 typically comprises conventional
components such as a waveform generator 20, a trans-
ferred electron oscillator (TEQ) 22, an antenna net-
work 24, a circulator 26 and a mixer 28. As illustrated
in FIG. 1, waveform generator 20 is connected to TEO
22, the output signal of which is applied to antenna
network 24, via circulator 26. In addition a small por-
tion of the TEQ 22 output signal is applied to mixer 28,
via a directional coupler (not shown). The antenna
network 24 is arranged to transmit the TEO output
signal as a radar interrogation or probe signal 30 and to
receive reply signals 32 from a tagged target, generally
indicated as 34 and skin reflections 36 from an un-
tagged target generally indicated as 38. Reply signal 32
and skin reflection 36 will be described and generally
referred to as the “return signals.” It should be noted
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that while untagged target 38 is shown as a separate
entity, the reflective surfaces of tagged target 34 may in
themselves, operate as an untagged target. Thus, a
tagged target 34 with an inoperative or faulty tag would
appear to the system as an untagged target.

Reply 32 and skin reflections 36, as received by an-
tenna 24, are routed to mixer 28 via circulator 26. The
output signal of mixer 28, amplified and filtered if de-
sired, is utilized as the output signal of FM CW radar
10, and is applied, as noted above, to target discrimina-
tor 14.

Target discriminator 14 comprises a plurality of
bandpass filters (BPF) 40 and 42, and an envelope
detector and low pass filter 44. The output signal of
radar 10 is applied to the bandpass filters 40 and 42.
The bandpass filters 40 and 42 are respectively tuned
to the band of frequencies corresponding to tagged
targets and non-tagged targets within predetermined
distances from the radar unit as will be explained. Thus,
BPF 40 passes what may be termed the reply compo-
nent 48 (see FIG. 2) of the output signal of radar 10
and BPF 42 passes what may be termed the skin-reflec-
tion component 46 of the output signal of radar 10.
Reply component 48 is applied to envelope detector
and low pass filter 44. The output signal 50 of envelope
detector and low pass filter 44 and the skin-reflection
component 46 are applied to processor 16. The wave-
forms of the respective signals 46, 48, and 50 are shown
in FIG. 2 for the case where the probe 30 is frequency
modulated with a triangular waveform and skin-reflec-
tions 36 are from the reflective surfaces of the coopera-
tive target 34.

Processor 16 suitably comprises means for detecting
the respective frequencies of skin reflection compo-
nent 46 and signal 58. Suitable processors for the re-
spective components are described in the aforemen-
tioned patent to Staras et al.,, and in U.S. Pat. No.
3,968,492 entitled ““Adaptive Parameter Processor for
Continuous Wave Radar Ranging System” issued July
6, 1976, to G. S. Kaplan. Alternatively, processor 16
may comprise a counter (not shown) receptive of sig-
nal 50 for determining the frequency of signal 50 and
appropriate threshold circuitry (not shown) receptive
of signal 46, for detecting the presence of an untagged
target 38 within a predetermined range. Logic circuitry
(not shown) receptive of the output signals of the
counter and threshold circuitry, would provide the
information and control signals required by utilization
means 18.

Utilization means 18 typically includes a display, an
alarm, braking and throttle controls, and/or a passen-
ger restraint, such as an air bag. A description of suit-
able utilization means in cooperation with a compatible
processor may be found in an article by J. Shefer and R.
J. Klensch, entitled “Harmonic Radar Helps Autos
Avoid Collision,” IEEE Spectrum, Vol. 10, page 38,
May 1973.

The tags for cooperating targets 34 comprise, in the
preferred embodiment, an antenna 52, a voltage con-
trolled phase modulator, such as a varactor diode 54,
and a tone generator 56. Tone generator 56 suitably
generates a square wave having a frequency much
greater than the beat or difference frequency derived
by radar 10 as will be explained, from skin reflections
from an untagged target at a predetermined maximum
range, for example 100 meters. The amplitude of the
tone is such as to cause modulator 54 to shift the phase
of reply signal 32, alternately, for example, by zero and
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180° at a periodic rate equal to the tone frequency. A
more detailed description of a suitable tag utilizing
such phase modulation techniques may be found in
application Ser. No. 576,604 entitled “A Homodyne
Communication System” filed May 12, 1975 by G. §S.
Kaplan and A. D. Ritzie. The tag described in this refer-
enced application includes features, such as a fre-
quency shift keying communication scheme, not re-
quired for practicing the present invention. Further,
reference to a description of a system comprising a
communication channel and a ranging channel is made
to copending application Ser. No. 593,120 entitled
“Clutter Free Communication Radar’ filed on or about
the same day of filing the present application by G. S.
Kaplan.

With reference to FIGS. 1 and 2 the operation of the
system is now addressed. Radar 10 transmits, as probe
signal 30, a continuous wave signal which is frequency
modulated in accordance with a predetermined peri-
odic modulation waveform. Waveform generator 20 is
chosen to generate a predetermined periodic wave-
form. TEO 22 generates a signal having a frequency in
accordance with the waveform applied by waveform
generator 20 and, as noted above, the output signal of
TEO 22 is transmitted by antenna 24. Antenna 24 is
preferably a printed circuit corporate feed antenna of
the type described in U.S. Pat. No. 3,587,110. For use
in an automotive vehicle, the radiation pattern from
antenna 24 is in the direction of forward travel of the
interrogating vehicle and is preferably confined to a
single lane of highway, to reduce ‘“‘blinding” of the
radar by interrogation signals from other radar units in
the vicinity of the interrogating unit.

Probe signal 30 impinges upon tagged target 34 and
nontagged target 38, which respectively causes reply
signal 32 and skin reflection 36, to be radiated back to
radar 10. Skin reflection 36 and reply signal 32 are
received by radar 10 and are mixed with a sample of
the interrogation signal 30 in mixer 28. The output of
mixer 28 is appropriately filtered and amplified to ob-
tain a difference signal having skin reflection and reply
components 46 and 48, being indicative of frequency
and phase differences between the sample of the TEO
22 output signal and skin-reflection 36 and reply signal
32, respectively.

The range of the respective targets may be deter-
mined from components 46 and 48. The finite distance
or range between the interrogating unit and a target
introduces a round trip delay time p between the return
signal from the target and the instantaneous interroga-
tion signal sample, determined by the relationship:

2R 1)

where R is the range and C is the velocity of light.
Hence, since the interrogation signal 30 is frequency
modulated with a predetermined periodic modulation
waveform, the return signals are shifted in frequency
from the instantaneous interrogation signal by an
amount proportional to the range of the respective
targets. For example, where waveform generator 20
provides a triangular waveform having a peak value of
AF and a period of 1/f,, as shown in FIG. 2, to fre-
quency modulate the interrogation signal 30, the fre-
quency shift f,, manifested by the output signal of mixer
28, as will be explained, is equal to the time derivative
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of the frequency of the interrogation signal times the
round trip delay; that is:

4 BR(AFSn) (2)
=4 T ¢

Thus, the range between the respective targets and
radar 10 may be computed by a measurement of the
frequency shift f, of the return signals due to the round
trip delay, hereinafter termed the “beat frequency.”
Skin reflections 36 are thus shifted in frequency with
respect to the instantaneous interrogation signal by an
amount proportional to the range of untagged target
38. Skin reflection component 46 of the radar 10 out-

put signal-{output of mixer 28) thus, ignoring the peri-.

odic phase inversions, maintains a frequency equal to
the beat frequency between the TEO 22 output sample
and the skin reflectims 36. The range of untagged
targets 38 accordingly may be determined by measur-
ing the frequency of skin reflection component 46.

Reply signals 32, however, are not only shifted in
frequency with respect to a sample of the interrogating
probe 30 due to the round trip delay time, but are also
alternately phase shifted by zero and 180° at a given
periodic rate, due to the phase modulation effected in
the tag 34 by phase modulator 54 and tone generator
56. Accordingly, when reply signal 32 is mixed with the
sample of interrogating probe 30 in mixer 28, the am-
plitude of the reply component 48 output signal of
mixer 28 will respond to both the phase modulation
and to the frequency shift due to the round trip delay
and will, in effect, produce a signal, having a frequency
equal to the tone frequency, modulated with a signal
having a frequency equal to the frequency shift due to
the round trip delay.

Target discriminator 14 serves to eliminate the prob-
lem of clutter by passing to processor 16 only signals
representative of tagged targets 34, and non-tagged
targets 38 within a predetermined short range, for ex-
ample, 3 meters, from radar 10. Bandpass filter 40 is
center tuned to the tone frequency of tone generator
56. Since the tone frequency is chosen, as noted above,
to be much greater than the skin reflection beat fre-
quency corresponding to the chosen maximum range of
the system, only signals corresponding to replies from
tagged targets are passed by bandpass filter 40. Enve-
lope detector and low pass filter 44 serves to remove
the tone frequency signal, and derive envelope signal
50, the frequency of which is representative of the
round trip delay. Envelope detector and low pass filter
44 also serves to cut off any signals from targets beyond
the chosen maximum range of the system. Bandpass
filter 42 is tuned to pass that band of frequencies repre-
sentative of skin reflection from targets within the pre-
determined short range, e.g., 3 meters, of the radar.
Thus, only signals representative of tagged targets 34
and non-tagged targets 38 within a predetermined short
range of radar 10 are acted upon by processor 16.

Processor 16 then determines the range and/or pres-
ence of threatening targets and a decision is made to
deploy or activate various utilization means 18. Refer-
ence is again made to the aforementioned article by J.
Shefer and R. J. Klensch “Harmonic Radar Helps
Autos Avoid Collision” for a detailed description of the
operation of suitable processors 16 and utilization
means 18.
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It should be appreciated that discriminants other
than phase modulation of the reply signals 32 may be
employed in the present invention. For example, modu-
lator 54 could be an amplitude modulator, whereupon
reply component 48 of the output signal of mixer 28
could again be described as a signal having the fre-
quency of the tone generator 56, amplitude modulated
with a signal having a frequency equal to the frequency
shift due to round trip delay. Component 48 would be
processed through bandpass filter 40 and envelope
detector and low pass filter 44 to generate an envelope
signal 50 which would be equivalent to the beat fre-
quency signal derived from a non-tagged target at the
location of tagged target 34.

It should be apparent from the foregoing description
that the present invention provides-a-particularly ad-
vantageous automotive collision avoidance radar which
substantially eliminates the problem of clutter returns
by responding to only, of those targets detected beyond
a predetermined short distance from the radar tagged
targets, yet avoids the problems inherent in a coopera-

_tive system such as when, for instance, a tag fails, by

responding to skin reflections from untagged targets
within the predetermined short range.

It will be understood that the above description is of
illustrative embodiments of the present invention and
that the invention is not limited to a specific form
shown. Modifications may be made of the design and
arrangement of the elements without departing from
the spirit of the invention.

What is claimed is:

1. In a system for detecting the presence and range of
a remote object from a probe station, said probe station
transmitting modulating probe signals in a given direc-
tion, said object being of the class comprising coopera-
tive targets having means for receiving probe signals
and radiating return signals having a characteristic
indicia and non-cooperating targets serving to reflect
said probe signals as return signals, said probe station
comprising:

means for generating said modulated probe signals

including means for generating a sample signal
indicative of said probe signal;
means, receptive of said return signals and said sam-
ple signal, for generating a difference signal having
distinguishable components indicative of return
signals from said cooperative objects and of return
signals from said non-cooperative objects; and

means, responsive to said difference signals, for gen-
erating a signal indicative of the range between said
probe station and said cooperative objects, and the
range between said probe station and said non-
cooperative objects for all ranges not exceeding a
predetermined value.
2. In a system according to claim 1 wherein said
probe signal generating means generates an FM CW
signal, and wherein said range indicative means in-
cludes band pass filter means for passing signals having
frequency components corresponding respectively to
said cooperative and non-cooperative objects.
3. A system for detecting and ranging cooperating
and non-cooperating targets, comprising:
first means for transmitting 2 modulated RF signal as
a probe signal, in a given direction;

second means for receiving reply signals from said
cooperating targets derived by said cooperating
targets from said probe signal and skin reflections
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from non-cooperating targets, said reply signals
being distinguishable from said skin reflections;

third means, receptive of said reply signals, said skin
reflections and sample signal indicative of said
probe signal, for deriving a difference signal having
components indicative respectively of differences
between said sample signal and reply signals and of
differences between said sample signal skin reflec-
tions; and

fourth means, receptive of said difference signal, for
generating output signals indicative of targets
within one of a first category of targets and a sec-
ond category of targets,

said first category of targets consisting of said coop-
erating targets,

said second category of targets consisting of non-
cooperating targets within a predetermined dis-
tance of said system.

4. The system of claim 3, wherein:

said first means frequency modulates said RF signal
in accordance with a predetermined periodic wave-
form, whereby said components of said difference
signal manifest frequency shifts between said probe
sample signal and said respective reply signals and
skin reflections, said frequency shift being indica-
tive of the distance to the respective targets; and

said fourth means comprises a first bandpass filter
receptive of said difference signal, responsive only
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to components of said difference signal corre-
sponding to targets within said first category of
targets;

said fourth means further comprising a second band-
pass filter, receptive of said difference signal, re-
sponsive only to components of said difference
signal manifesting frequency shifts corresponding
to targets within said second category of targets.

5. The system of claim 4 wherein:

said reply signals are modulated with a tone of a
predetermined frequency, said predetermined fre-
quency being greater than the frequency shift from
said probe signal sample of a skin reflection from a
non-cooperating target ‘at a chosen maximum
range;

said components of said difference signal indicative
.of said cooperating targets, being signals having a
frequency equal to said predetermined frequency,
modulated with a signal having a frequency equal
to the frequency shift from said probe signal sam-
ple of skin reflections from non-cooperating targets
at the respective ranges of said cooperating targets;
said first bandpass filter being center-tuned to said
predetermined frequency.

6. The system of claim 4 wherein said RF signal is

frequency modulated in accordance with a periodic

triangular waveform.
% * * * *
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